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Descripti n 

BACKGROUND OF THE INVENTION 

1. Field of th Invention: 

[0001 ] The present invention relates to a method for 
manufacturing a semiconductor device comprising (a) a 
semiconductor substrate and (b) a wiring (made of a 
copper-based metal film) and a contact plug, both 
formed on the substrate (a). 

2. Description of the Related Art: 

[0002] A conventional method for manufacturing a 
semiconductor device having a copper wiring is 
described below with reference to Figs. 4 to 7. 
[0003] First, a device-isolating region 21 is formed 
on the principal surface of a silicon substrate 1 , after 
which a gate electrode 3 and an impurity-diffused layer 
2 are formed and, as an inter-layer insulating film, a sili- 
con oxide film 4 is formed by plasma CVD [Fig. 4(a)]. 
[0004] Next, a contact hole reaching the impurity- 
diffused layer 2 is formed in the silicon oxide film 4, by 
dry etching. Further, a Ti/TiN film 6 and a tungsten film 
7 are formed in this order; the unnecessary portions of 
the Ti/TiN film 6 and the tungsten film 7, present outside 
the contact hole are removed by chemical mechanical 
polishing (CMP) to form a tungsten plug. Then, on the 
whole principal surface of the resulting substrate is 
formed a silicon nitride film 8 by plasma CVD [Fig. 4(b)]. 
[0005] Thereon is formed a silicon oxide film 9 as 
an inter-layer insulating film by plasma CVD. Then, dry 
etching is conducted in two stages in order to form a 
groove for wiring. In the first stage, etching of the silicon 
oxide film 9 is conducted using a mixed gas containing 
C4F 8 , Ar, 0 2 and CO; in the second stage, etching of the 
silicon nitride film 8 is conducted using a CHF 3 -based 
gas [Fig. 4(c)]. 

[0006] After the completion of the etching, a Ti/TiN 
film 1 1 is formed by sputtering. Thereon is formed, by 
sputtering, a seed metal (copper) film (not shown) in 
order to form thereon a copper plating. The resulting 
substrate is immersed in an aqueous copper sulfate 
solution of about 25°C, and electrolytic plating is con- 
ducted to form a copper plating film 1 2 selectively on the 
seed metal film. The thickness of the copper plating film 
12 is controlled at about 1 ,000 nm at the flat portion. In 
the electrolytic plating, copper-based metal contami- 
nants 30 (e.g. Cu and CuO) adhere to the back surface 
of the semiconductor substrate, in a large amount. This 
state is shown in Fig. 5(a). 

[0007] The copper-based metal contaminants 30 
are removed using a mixed solution consisting f dilute 
hydrofluoric acid and an aqueous hydrogen peroxide 
solution [Fig. 5(b)]. Then, ann aling is conducted at 
400°C for about 30 minutes, wher by the grains consti- 
tuting the copper plating film grow and there appear 



reduced resistance and stabilization. 
[0008] Subsequently, the unnecessary portions of 
the Ti/TiN film 1 1 and the copper plating film 1 2, present 
outside the hoi are removed by CMP to form a copper 
5 wiring. In the CMP, copper-bas d metal contaminants 
30 (e.g. Cu and CuO) adhere to the back surface of the 
semiconductor substrate in a large amount. This state is 
shown in Fig. 6(a). 

[0009] The copper-based metal contaminants 30 

w are removed using a mixed solution consisting of dilute 
hydrofluoric acid and an aqueous hydrogen peroxide 
solution [Fig. 6(b)], Then, on the principal surface of the 
substrate is formed an inter-layer insulating film, after 
which an upper wiring is formed to complete a semicon- 

15 ductor device (F9g. 7), 

[0010] In the above-mentioned conventional tech- 
nique, metal contaminants (e.g. copper and copper 
compound) adhere to the back surface of a substrate 
during the formation of a copper-based metal film and 

20 the processing thereof (e.g. CMP and hole formation on 
copper wiring), as shown in Fig. 5(a) and Fig. 6(a). 
These copper-based metal contaminants adhere in a 
large amount particularly in the formation of a copper- 
based metal film and the CMP thereof. These metal 

25 contaminants diffuse into the substrate and reach the 
device region, in the subsequent heat treatment, deteri- 
orating the properties of the device and causing current 
leakage. The diffusion of metal contaminants is striking 
when the heat treatment is conducted at high tempera- 

30 tures, for example, 300°C or higher. 

[0011] In order to avoid the above problem, it was 
necessary, in manufacturing a semiconductor device 
comprising a step of forming a copper-based metal film, 
to clean the back surface of a semiconductor substrate 

55 after the formation of a copper-based metal film and 
also after the processing of the copper-based metal. In 
forming a copper wiring of, for example, 8 layers, it was 
necessary to conduct the above cleaning about 50 to 80 
times, which made the steps complicated. 

40 [0012] Further, the copper-based metal contami- 
nants, unlike tungsten, iron, nickel, aluminum, etc., are 
difficult to remove from the surface of silicon substrate 
and are impossible to completely remove by cleaning. 
The reason is as follows. The copper-based metal con- 

45 taminants have a high redox potential; therefore, a 
redox reaction takes place between copper ion and sili- 
con substrate; as a result, back adsorption of copper on 
silicon substrate takes place. 

[0013] Therefore, there were cases that copper- 
so based metal contaminants remained unremoved even 
after considerable times of cleaning. The remaining 
copper-based metal contaminants diffuse into the sub- 
strate, as shown in Fig. 7, and reach the impurity-dif- 
fused layer, the gate oxide film, the device-isolating 
55 oxide film, etc., deteriorating the properties of the device 
or causing current leakage. 

[0014] The abov -mentioned problem occurs 
because copper diffuses into th silicon substrat at a 
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very high velocity. Th refore, the problem is peculiar to 
when a copper-bas d metal film is formed. 
[0015] The above-mentioned conventional tech- 
nique includes a step of polishing tungsten by CMP, In 
this step as well, metal contaminants adhere to the back s 
surface of substrate. With respect to these metal con- 
taminants which are tungsten particles or iron particles 
(the latter particles are derived from the abrasive used 
in CMP), however, there hardly occur the above-men- 
tioned problem of diffusion into silicon substrate and 
adverse effect on device region. The tungsten particles 
and the iron particles diffuse into the silicon substrate at 
a very low velocity; their arrival at device region in heat 
treatment after CMP is rare; the tungsten particles, in 
particular, peel easily from the silicon substrate. Further, 
these particles can be removed by polishing the back 
surface of substrate in the final step. 

SUMMARY OF THE INVENTION 

[001 6] In view of the above-mentioned situation, the 
present invention aims at preventing, in the method for 
manufacturing a semiconductor device, comprising a 
step of forming a copper-based metal film, the property 
deterioration of device or current leakage caused by the 
metal contaminants (e.g. copper and copper com- 
pound) adhering to the back surface of semiconductor 
substrate. 

[0017] According to the present invention, there is 
provided A method for manufacturing a semiconductor 
device, which comprises forming a barrier film on the 
back surface of a semiconductor substrate and then 
forming a copper-based metal film on the principal sur- 
face of the semiconductor substrate. 
[0018] In the above method for manufacturing a 
semiconductor device, a copper-based metal film is 
formed after the formation of a barrier metal. Therefore, 
the copper-based contaminants arising from the forma- 
tion of the copper-based metal film adhere to the sur- 
face of the barrier film formed on the back surface of 
semiconductor substrate. Since the diffusion velocity of 
the copper-based contaminants in the barrier film is 
very low, the barrier acts as a diffusion-preventing film 
and can prevent the diffusion of the copper-based con- 
taminants into the semiconductor substrate. Therefore, 
it is not necessary to clean the back surface of substrate 
each time when a copper-based film or a groove on cop- 
per wiring has been formed; cleaning may be conducted 
only to prevent the cross-contamination in film-forming 
apparatus, etc.; as a result, significant reduction in pro- 
duction steps is made possible. Further, since the cop- 
per-based metal contaminants adhering to the surface 
of barrier film can be removed far more easily than 
those adhering to the surface of silicon substrate, the 
problem associated with the diffusion of such contami- 
nants can be eliminated effectively. 
[0019] Incidentally, in the present invention, the 
"copper-based metal film 0 refers to a metal film made of 



copper or a copper alloy. The copper alloy refers to, for 
example, a copper/aluminum alloy. The content of cop- 
per in the copper/aluminum alloy can be 90 to 1 00 %. 
[0020] According to the present invention, there is 
furth r provided a method for manufacturing a semicon- 
ductor device comprising the steps of: 

forming a gate electrode and a diffused layer on the 

principal surface of a semiconductor substrate and 

then applying a heat treatment, 

forming a barrier film on the back surface of the 

semiconductor substrate, and 

forming a copper-based metal film on the principal 

surface of the semiconductor substrate. 

[0021] In the above method for manufacturing a 
semiconductor device, a gate electrode and a diffused 
layer are formed on the principal surface of a semicon- 
ductor substrate; a heat treatment is applied; then, a 
barrier film is formed. Since no barrier film is not yet 
formed on the back surface of the substrate at the time 
of the heat treatment, the temperature control of the 
heat treatment can be conducted at a high precision. 
[0022] The above heat treatment is conducted in 
order to activate the impurities contained in the gate 
electrode and the diffused layer. As the method for the 
heat treatment, there is preferably used RTA (rapid ther- 
mal annealing) such as lamp annealing or the like, 
which can conduct the activation efficiently in a short 
time. Ordinarily in the heat treatment by RTA, the tem- 
perature of substrate surface is kept at 900 to 1,100°C 
and the annealing time is about 10 to 60 seconds; thus, 
very precise temperature control is necessary. If a bar- 
rier film is present on the back surface of substrate at 
the time of RTA, the very precise temperature control is 
difficult to make owing to the difference in thermal con- 
ductivity or specific heat between substrate material 
and barrier film material. In the present method for man- 
ufacturing a semiconductor device, however, the above 
problem is avoided by conducting the barrier film forma- 
tion after the heat treatment. 

[0023] According to the present invention, there is 
furthermore provided a method for manufacturing a 
semiconductor device comprising the steps of: 

forming a gate electrode and a diffused layer on the 
principal surface of a semiconductor substrate and 
then applying a heat treatment, 
forming an insulating film on the gate electrode and 
the diffused layer and then forming, in the insulating 
film, a contact plug reaching the gate electrode 
and/or the diffused layer, 

forming a barrier film on the back surface of the 
semiconductor substrate, and 
forming a copper-based metal film on the principal 
surface of the semiconductor substrate. 

[0024] In manufacturing a s miconductor device, it 



15 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP 0 999 584 A2 



6 



is n cessary to hold a semiconductor substrat in a 
holder when the substrate is transferred or subjected to 
film formation. The holding of the substrate may not b 
done satisfactorily when the substrate is statically 
charged at the back surfac .. Further, it may be difficult 
to take out the substrate from the holder; hence, a spe- 
cial operation for taking out the holder may become nec- 
essary, or, the substrate may be damaged at the time of 
taking it out. Therefore, it is desirable to minimize the 
charging of the back surface of semiconductor substrate 
with static electricity. 

[0025] The barrier film such as a silicon oxide film 
formed at the back surface of semiconductor substrate 
(silicon substrate) is charged with static electricity more 
easily than the silicon substrate does. Therefore, the 
timing at which the barrier film is formed, is preferably 
right before the step of formation of copper-based metal 
film (this step is necessarily conducted in the presence 
of the barrier film). 

[0026] The present method for manufacturing a 
semiconductor device comprises a step of forming a 
contact plug. Since the contact plug is formed in the 
vicinity of a device region, the metal filled in the plug is 
not a copper-based metal but tungsten or the like ordi- 
narily. Therefore, no barrier film is required at the back 
surface of semiconductor substrate, in the step of con- 
tact plug formation and it is preferred to form a barrier 
film after the step. From such a standpoint, in the 
present method, a barrier film is formed at the back sur- 
face of substrate, after the formation of a contact plug. 
Thereby, the holding of substrate in holder or the taking- 
out of substrate from holder, necessary when the sub- 
strate is transferred or subjected to film (e.g. tungsten 
film) formation and subsequent CMP, can be conducted 
smoothly. 

[0027] In the present method, the formation of con- 
tact plug is conducted, for example, as follows. First, a 
contact hole reaching a gate electrode and/or a diffused 
layer is formed in an insulating film by dry etching. Next, 
a barrier metal film made of Ti, TiN or the like and a con- 
ductive film made of tungsten or the like are formed in 
this order. Then, CMP is conducted to remove the 
unnecessary portions of the barrier metal film and the 
conductive film to form a contact plug. 
[0028] As described above, according to the 
present invention, a barrier film is formed at the back 
surface of wafer prior to the formation of a copper-based 
metal film and, thereby, the diffusion of copper-based 
contaminants into substrate can be prevented. As a 
result, it is not necessary to clean the back surface of 
substrate each time when a copper-based metal film or 
a groove on copper wiring is formed; the cleaning may 
be conducted only to prevent the cross-contamination in 
exposure apparatus or film-forming apparatus; and the 
production steps can be reduced significantly. Further, 
the copper-based metal contaminants adhering to the 
barrier film can be removed far more asily than those 
adhering to th silicon substrate, and the problem asso- 



ciated with the diffusion of remaining contaminants can 
be eliminated effectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

[0029] 

Fig. 1 is sectional views showing steps of the 
method for manufacturing a semiconductor device 
10 of the present invention. 

Fig. 2 is sectional views showing steps of the 
method for manufacturing a semiconductor device 
of the present invention. 

Fig. 3 is sectional views showing steps of the 
15 method for manufacturing a semiconductor device 
of the present invention. 

Fig. 4 is sectional views showing steps of a conven- 
tional method for manufacturing a semiconductor 
device. 

20 Fig. 5 is sectional views showing steps of a conven- 
tional method for manufacturing a semiconductor 
device. 

Fig. 6 is sectional views showing steps of a conven- 
tional method for manufacturing a semiconductor 
25 device. 

Fig. 7 is a sectional view showing steps of a con- 
ventional method for manufacturing a semiconduc- 
tor device. 

Fig. 8 is sectional views showing steps of the 
30 method for manufacturing a semiconductor device 
of the present invention. 

Fig. 9 is sectional views showing steps of the 
method for manufacturing a semiconductor device 
of the present invention. 

35 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] In the present method for manufacturing a 

40 semiconductor device, the formation of copper-based 
metal film can be conducted by forming a copper-based 
metal film on the principal surface of a semiconductor 
substrate and then removing the unnecessary portion of 
the film. In both of the step of film formation and the step 

45 of unnecessary portion removal, copper-based metal 
contaminants adhere to the back surface of the sub- 
strate. The adhesion is striking in the step of unneces- 
sary portion removal. According to the present method, 
since a barrier film is formed on the back surface of the 

so substrate, the copper-based metal contaminants adher- 
ing to the barrier film do not diffuse into the substrate, 
whereby the property deterioration of device and cur- 
rent leakage can be prevented. 
[0031] The removal of the unnecessary portion of 

55 copper-based metal film is conducted preferably by 
chemical mechanical polishing (CMP). The CMP 
mployed as part of damascene process allows easy 
formation of, for exampl , a wiring made of a copper- 
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based metal film (the film is difficult to etch), but incurs 
striking adhesion of copper-based metal contaminants 
to substrate back surface and causes high contamina- 
tion. Hence, when CMP was used in the conventional 
technique, very elaborate cleaning was necessary. Fur- 
ther, the copper-based metal contaminants caused by 
CMP could not be removed sufficiently by the cleaning 
and part of them often diffused into the substrate. In 
contrast, in the present production method, since a bar- 
rier film is formed on the back surface of substrate, the 
copper-based metal contaminants adhering to the bar- 
rier film do not diffuse into the substrate and the above- 
mentioned problem can be eliminated. 
[0032] The step of formation of a copper-based 
metal film in the present invention can be a step of 
applying a plating treatment using a copper-based 
metal material and then applying an annealing treat- 
ment at a substrate temperature of 300°C or higher to 
form a copper-based metal film. In formation of a cop- 
per-based metal film, there is mainly used sputtering, 
CVD or plating. Of these, plating, particularly electrolytic 
plating is advantageous in that a good coverage is 
obtained and the process is relatively simple. When 
plating is used, the subsequent annealing must be con- 
ducted at a high temperature (300°C or higher but ordi- 
narily not higher than 400°C) for about 30 to 90 minutes 
in order to grow the grains constituting the copper plat- 
ing film formed, reduce the resistance of the film and 
stabilize the film. Annealing at such a high temperature 
gives rise to the diffusion of the copper-based metal 
contaminants adhering to the back surface of substrate, 
into the substrate. In the present production method, 
however, since a barrier film is formed on the back sur- 
face of substrate, the copper-based metal contaminants 
adhering to the barrier film do not diffuse into the sub- 
strate and the above problem is eliminated. 
[0033] In the present invention, the barrier film is 
made of such a material that the diffusion of copper- 
based metal contaminants therethrough is more difficult 
than at least the diffusion through silicon substrate. The 
material is, for example, one for which copper has a dif- 
fusion coefficient at 300 to 600°C, of 1/3 or less of the 
copper diffusion coefficient for single crystal silicon. 
Specifically, the barrier film is preferred to be a silicon 
oxide film or a silicon nitride film. Such a film can pre- 
vent the diffusion of copper-based metal contaminants 
into semiconductor substrate and moreover allows easy 
removal of the copper-based metal contaminants by 
cleaning. The barrier film may be a composite film con- 
sisting of a first film made of Ta, TaN, TiN, SiN or SiON 
and a second film which is a silicon oxide film, wherein 
the second film is provided at the outer side. The first 
film has a higher barrier property to copper-based metal 
contaminants than the second film (silicon oxide film) 
does and, therefore, can effectively prevent the diffusion 
of contaminants into substrate. It is necessary that the 
s cond film is provided at the outer side of the compos- 
ite film. The reason is that if the first film is provided at 



the outer side, a metal such as Ta, Ti or the lik is 
exposed, adheres to the apparatus for s miconductor 
device production and causes cross-contamination; or, 
a SiN film or the lik is pe led, causing dust contamina- 
5 tion. 

[0034] When the barrier film is made of a silicon 
oxide film, the film is preferably formed by CVD. It is 
because CVD, as compared with thermal oxidation, has 
a higher degree of step freedom. When, for example, 

10 thermal oxidation [which is a high-temperature (800°C 
or higher) process) is employed for formation of a bar- 
rier film, the barrier film must be formed before the for- 
mation of a gate electrode and a diffused layer. In such 
an operation sequence, however, there may be cases 

15 that in the heat treatment conducted after the formation 
of the gate electrode and the diffused layer, the temper- 
ature control is difficult as mentioned previously. This 
problem is striking particularly when the heat treatment 
is conducted by RTA (e.g. lamp annealing). This prob- 

20 lem can be eliminated when the barrier film made of a 
silicon oxide film is formed by CVD, after the heat treat- 
ment. 

[0035] The thickness of the barrier film is set prefer- 
ably at 30 to 500 nm, more preferably at 80 to 200 nm. 

25 A thickness of 30 nm or larger can satisfactorily prevent 
the diffusion of copper-based metal contaminants into 
semiconductor substrate. A thickness of 500 nm or 
smaller can minimize the charging of barrier film with 
static electricity and can make smooth, in substrate 

30 transfer or film formation, the holding of substrate in 
holder and taking-out of substrate from holder. When 
the barrier film is a composite film consisting of a first 
film made of Ta, TaN, TiN, SiN or SiON and a second 
film which is a silicon oxide film, the total thickness is 

35 preferably in the above range and the thickness of the 
first film is preferably 10 to 200 nm, more preferably 20 
to 100 nm. 

[0036] In the present method, when a copper- 
based metal film is formed on the principal surface of a 

40 semiconductor substrate in an apparatus for formation 
of the film and then the resulting substrate is transferred 
into other apparatus for treatment of copper-based 
metal or other metals, the surface of the barrier film 
formed on the substrate can be cleaned prior to the 

45 above transfer. This cleaning is necessary to prevent 
the cross-contamination which occurs by adhesion of 
copper-based metal contaminants present on the bar- 
rier film, to the back surfaces of other wafers having no 
barrier film formed thereon. The cleaning of the barrier 

so film surface is conducted preferably by using a cleaning 
solution. The cleaning may be dry cleaning, but wet 
cleaning using a cleaning solution can achieve effective 
removal of copper-based metal contaminants. When 
the formation of a copper-based metal film is conducted 

55 by formation of a copper-based metal film and subse- 
quent removal of the unnecessary portion of the film, 
the cleaning of the barrier film is conducted after the 
removal of the unnecessary portion of copper-based 
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metal film. 

[0037] The cleaning solution used may be, for 
xample, dilute hydrofluoric acid or a mixed solution of 
dilute hydrofluoric acid and an aqueous hydrogen per- 
oxide solution, but is preferably a cleaning solution con- 
taining a complexing agent capable of forming a 
complex with copper-based metal contaminants but 
containing no hydrofluoric acid. When dilute hydrofluo- 
ric acid or the like is used, thinning of barrier film takes 
place and, when a multi-layered wiring is formed, refor- 
mation of barrier film may be necessary. This easily 
takes place particularly when the barrier film is a silicon 
oxide film. In contrast, when there is used, as the clean- 
ing solution, a cleaning solution containing a complex- 
ing agent capable of forming a complex with copper- 
based metal contaminants, there is no thinning of bar- 
rier film and, moreover, the amount of copper-based 
metal contaminants remaining on barrier film can be 
made significantly small. Preferable examples of such a 
complexing agent are those containing at least one kind 
of compound selected from the group of three kinds of 
compounds consisting of (a) a polyaminocarboxylic 
acid, (b) a carboxylic acid excluding polyaminocarboxy- 
lic acids and (c) ammonium fluoride. By using such a 
complexing agent, the metal contaminants which have 
adhered to the barrier film formed on the back surface of 
substrate, can be removed effectively without etching 
the barrier film, and readhesion of metal contaminants 
can be prevented. 

[0038] The : polyaminocarboxylic acid (a) refers to a 
carboxylic acid having a plurality of amino groups and a 
plurality of carboxyl groups in the molecule, or a salt 
thereof. There can be mentioned, for example, com- 
pounds such as ethylenediaminetetraacetic acid 
(EDTA), trans- 1 ,2-cyclohexanediaminetetraacetic acid 
(CyDTA), nitrilotriacetic acid (NTA), diethylenetri- 
aminepentaacetiC acid (DTPA), N-(2-hydroxyethyl)eth- 
ylenediamine-N.N'.N'-triacetic acid (EDTA-OH) and the 
like; and salts thereof. When a salt is used, the salt is 
preferably one which does not adversely affect the prop- 
erties of semiconductor device, particularly a metal-free 
salt such as ammonium salt. The amount of the 
polyaminocarboxylic acid used is preferably 1 to 1 ,000 
ppm. When the amount is too small, no sufficient chelat- 
ing effect is obtained. When the amount is too large, the 
compound remains on the surface of substrate and 
deteriorates the properties of semiconductor device, or 
a large cost is required for disposal of the used com- 
plexing agent. - 

[0039] As the carboxylic acid (b) excluding polyami- 
nocarboxylic acids, there can be mentioned, for exam- 
ple, oxalic acid, citric acid, malic acid, maleic acid, 
succinic acid, tartaric acid, malonic acid, and salts 
thereof. When a salt is used, the salt is preferably one 
which does not adversely affect the properties of semi- 
conductor device, particularly a metal-free salt such as 
ammonium salt. The amount of the carboxylic acid used 
is preferably 0.05 to 5% of the cleaning solution. When 



the amount is too small, no sufficient chelating effect is 
obtained. When the amount is too large, th compound 
remains on th surface of substrate and deteriorat s the 
properties of semiconductor device, or a large cost is 

5 required for disposal of the used complexing agent. 
[0040] The ammonium fluoride (c) may be used. 
The amount of the component (c) used is preferably 1 to 
1,000 ppm of the cleaning solution. 
[0041] In the present invention, when there is used 

w a complexing agent containing both of the polyaminoc- 
arboxylic acid (a) and the carboxylic acid (b) excluding 
polyaminocarboxylic acids, a higher effect for removal of 
metal contaminants can be obtained. The reason is not 
clear but is presumed to be that the polyaminocarboxy- 

15 lie acid and the carboxylic acid excluding polyaminocar- 
boxylic acids are slightly different in the kinds of metal 
contaminants to which they are effective. The copper- 
based metal contaminants generated as a result of for- 
mation or CMP of copper-based metal film or dry etch- 

20 ing of insulating film on copper-based metal film are 
thought to be a mixture of a plurality of compounds. 
Therefore, when there is used a cleaning solution con- 
taining both of the polyaminocarboxylic acid and the 
carboxylic acid excluding polyaminocarboxylic acids, 

25 the two components act complementary because they 
are effective to different contaminants, and contami- 
nants consisting of a variety of metal compounds can be 
removed. When the two components (a) and (b) are 
used, each component is used in the same amount as 

30 mentioned above. 

[0042] In the present method for manufacturing a 
semiconductor device, particularly, the method compris- 
ing a step of forming a contact plug, it is possible to form 
an etching stopper film (e.g. a silicon nitride film) or an 

35 inter-layer insulating film between the step of contact 
plug formation and the step of barrier film formation. For 
example, it is possible that an interlayer insulating film is 
formed after contact plug formation and then a copper- 
based metal film is formed. 

40 [0043] The copper-based metal film can be formed 
by a damascene process or the like. For example, a 
dent is formed at a predetermined position of the inter- 
layer insulating film; then, a copper-based metal film is 
formed so as to fill the dent; thereafter, the unnecessary 

45 portion of the copper-based metal film is removed to 
complete a final copper-based metal film. The removal 
of the unnecessary portion of copper-based metal film 
is conducted by CMP or the like. 

so Example 1 

[0044] The present invention is described with ref- 
erence to Figs. 1 to 3. 

[0045] First, a device-isolating region 21 was 
55 formed on the principal surface of a silicon substrate 1 ; 
then, a gate electrode 3 made of a polycrystalline silicon 
was formed on the same principal surface; thereafter, 
BF 3 was ion-implanted at th whole principal surface 
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[Fig. 1 (a)]. Incidentally, the material for gat electrode 
may be t b sides the potycrystalline silicon, a suicide, a 
polysilicid or the like. Thereby, an impurity-diffused 
layer 2 was formed. Successively, a lamp annealing 
treatment was applied at 1 ,000°C for 30 seconds to acti- 
vate the impurity contained in the gate electrode and the 
diffused layer 2 [Fig. 1 (b)]. Then, on the whole principal 
surface of the resulting substrate was formed, by 
plasma CVO, a silicon oxide film 4 as an inter-layer insu- 
lating film [Fig. 1(c)]. 

[0046] Next, a contact hole reaching the impurity- 
diffused layer 2 was formed in the silicon oxide film 4 by 
dry etching. Further, a Ti/TiN film 6 and a tungsten film 
7 were formed in this order. The unnecessary portions 
of the Ti/TiN film 6 and the tungsten film 7, present out- 
side the contact hole were removed by CMP to form a 
tungsten plug. On the whole principal surface of the 
resulting substrate was formed a silicon nitride film 8 by 
plasma CVD [Fig. 2(a)]. 

[0047] Next, on the back surface of the substrate 
was formed a barrier film 5 (thickness: 50 nm) made of 
Si0 2 , by plasma CVD [Fig. 2(b)]. 
[0048] Successively, on the principal surface of the 
substrate was formed a silicon oxide film 9 as an inter- 
layer insulating film by plasma CVD. Then, two-stage 
dry etching was conducted in order to form a groove for 
wiring. In the first stage, the silicon oxide film 9 was 
etched using a mixed gas containing C 4 F 8 , Ar, 0 2 and 
CO; in the second stage, the silicon nitride film 8 was 
etched using a CHF 3 - based gas. After the completion of 
the etching, on the whole principal surface of the result- 
ing substrate was formed, by sputtering, a barrier metal 
film 1 1 (thickness: 20 nm) made of Ti and TiN. Thereon 
was formed, by sputtering, a seed metal film (a copper 
film) (not shown) necessary for formation of copper plat- 
ing film thereon. The resulting substrate was immersed 
in an aqueous copper sulfate solution of about 25°C, 
and electrolytic plating was conducted to form a copper 
plating film 12. The copper plating film 12 had a thick- 
ness of about 900 nm at the flat portion. Then, the 
unnecessary portions of the Ti/TiN film 1 1 and the cop- 
per plating film 12, present outside the groove were 
removed by CMP to form a copper wiring. In this CMP, a 
large amount of copper-based metal contaminants 30 
(e.g. copper and copper compound) adhere to the back 
surface of the semiconductor substrate. This state is 
shown in Fig. 2(c). 

[0049] Successively, the oxide film 5 at the back 
surface of the semiconductor substrate was cleaned. 
The cleaning at this stage is necessary in order to pre- 
vent the cross-contamination in film-forming apparatus 
which may occur in the next step of silicon oxide film for- 
mation or silicon nitride film formation. Here, the "cross- 
contamination 1 ' refers to contamination between wafers 
which occurs, for example, when part of the metal con- 
taminants adhering to a wafer leave the wafer and 
adhere to other wafers in other wafer-treating apparatus 
or when part of the metal contaminants adhering to the 



back surfac of wafer adhere to other waf rs via the 
handler of the wafer. In the cleaning, th r was used, as 
the cleaning solution, a mixture of a 0.3% (by weight) 
aqueous oxalic acid solution and 10 ppm of ethylenedi- 
5 aminetetraacetic acid (EDTA). The cleaning was con- 
ducted by immersing the substrate in the cleaning 
solution for 5 minutes. Then, the substrate was 
immersed in pure water for 5 minutes for rinsing. 
Thereby, the copper-based metal contaminants 30 are 
10 removed substantially completely [Fig. 3(a)]. 

[0050] Next, there were formed a silicon nitride film 
13, a silicon oxide film 14, a silicon nitride film 15 and a 
silicon oxide film 16. Then, a via hole and an upper wir- 
ing were formed by a so-called dual damascene proo- 
fs ess. That is, multi-stage etching was conducted with the 
aperture of mask and the etching gas varied, to form a 
groove having a T-shaped section; in this groove were 
formed a Ti/TiN film 17 and a copper plating film 18. 
Then, the unnecessary portions of the Ti/TiN film 17 
20 and the copper plating film 18, present outside the 
groove were removed by CMP to form an upper wiring. 
In this CMP, a large amount of metal contaminants (e.g. 
copper and copper compound) (not shown) adhere to 
the back surface of semiconductor substrate. Therefore, 
25 in the same manner as in the step of Fig. 3(a), the oxide 
film 5 on the back surface of semiconductor substrate 
was cleaned. That is, there was used, as the cleaning 
solution, a mixture of a 0.3% (by weight) aqueous oxalic 
acid solution and 10 ppm of ethylenediaminetetraacetic 
30 acid (EDTA); the substrate was immersed in the clean- 
ing solution for 5 minutes; then, the substrate was 
immersed in pure water for 5 minutes for rinsing. 
Thereby, the metal contaminants are removed substan- 
tially completely. This state is shown in Fig. 3(b). 
35 [0051] Then, the barrier film 5 at the back surface of 
semiconductor substrate was removed by CMP or the 
like, to complete a semiconductor device. In the present 
Example, the barrier film 5 was removed; however, it is 
possible to incorporate a device having the barrier film, 
40 into a package. 

[0052] In the present Example, the cleaning of the 
substrate back surface is conducted only after the CMP 
conducted in copper wiring formation. In the conven- 
tional method, cleaning was necessary also after the 
45 etching step for groove formation on copper wiring, the 
subsequent ashing step (not shown), the copper plating 
step, etc., making the total steps complicated. Further, 
part of the copper-based metal contaminants remained 
even after cleaning, causing various problems. Accord- 
so ing to the method of the present Example, reduction in 
production steps is possible and the problem of diffu- 
sion of copper-based metal contaminants into substrate 
can be eliminated. 



[0053] The present Example is a case in which the 
formation of a barrier film made of Si0 2 was conducted 
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before the formation of a contact hoi . The present 
Example is described below with reference to Figs. 8 
and 9. 

[0054] First, a device-isolating region 21 was 
formed on the principal surfac of a silicon substrate 1 ; 
then, a gate electrode 3 made of a polycrystalline silicon 
was formed on the same principal surface; thereafter, 
BF 3 was ion-implanted at the whole principal surface 
[Fig. 8(a)]. Thereby, an impurity-diffused layer 2 was 
formed. Successively, a lamp annealing treatment was 
applied at 1 ,000°C for 30 seconds to activate the impu- 
rity contained in the gate electrode and the diffused 
layer 2 [Fig. 8(b)). Then, on the whole principal surface 
of the resulting substrate was formed, by plasma CVD, 
a silicon oxide film 4 as an inter-layer insulating film [Fig. 
8(c)]. 

[0055] Next, on the back surface of the substrate 
was formed a barrier film 5 (thickness: 50 nm) made of 
Si0 2 , by plasma CVD [Fig. 9(a)]. 
[0056] Successively, a contact hole reaching the 
impurity-diffused layer 2 was formed in the silicon oxide 
film 4 by dry etching. Further, a Ti/TiN film 6 and a tung- 
sten film 7 were formed in this order. The unnecessary 
portions of the Ti/TiN film 6 and the tungsten film 7, 
present outside the contact hole were removed by CMP 
to form a tungsten plug. On the whole principal surface 
of the resulting substrate was formed a silicon nitride 
film 8 by plasma CVD [Fig. 9(b)], 
[0057] The later steps were conducted in the same 
manner as in the steps of Fig. 3(b) and later of Example 
1 , to complete a semiconductor device. 
[0058] In the present Example as well, reduction in 
production steps is possible and the problem of diffu- 
sion of copper-based metal contaminants into substrate 
can be eliminated. 

Example 3 

[0059] A semiconductor device was produced in the 
same manner as in Example 1 except that the constitu- 
tion of the barrier film 5 was changed. In the present 
Example, a barrier film 5 was formed as follows in the 
step of Fig. 2(b). First, on the back surface of substrate 
was formed a Ta film (thickness: 50 nm) by sputtering. 
Then, a Si0 2 film (thickness: 50 nm) was formed by 
plasma CVD. Thereby, a barrier film 5 (thickness: 100 
nm) made of TaN/Si0 2 was formed. 
[0060] In the present invention, the barrier film 5 
was formed in the form of a composite film having a 
higher barrier property to copper-based metal contami- 
nants than a Si0 2 film does; therefore, the diffusion of 
copper-based metal contaminants into substrate can be 
prevented more effectively. 

[0061] This application is based on Japanese pat- 
ent application NO.HEI1 0-31 6324, the content of which 
is incorporated hereinto by reference. 



Claims 

1. A method for manufacturing a semiconductor 
device, which comprises forming a barrier film on 

5 the back surface of a semiconductor substrate and 
then forming a copper-based metal film on the prin- 
cipal surface of the semiconductor substrate. 

2. A method for manufacturing a semiconductor 
w device comprising the steps of: 

forming a gate electrode and a diffused layer 
on the principal surface of a semiconductor 
substrate and then applying a heat treatment, 
15 forming a barrier film on the back surface of the 

semiconductor substrate, and 
forming a copper-based metal film on the prin- 
cipal surface of the semiconductor substrate. 

20 3. A method for manufacturing a semiconductor 
device comprising the steps of: 

forming a gate electrode and a diffused layer 
on the principal surface of a semiconductor 

25 substrate and then applying a heat treatment, 

forming an insulating film on the gate electrode 
and the diffused layer and then forming, in the 
insulating film, a contact plug reaching the gate 
electrode and/or the diffused layer, 

30 forming a barrier film on the back surface of the 

semiconductor substrate, and 
forming a copper-based metal film on the prin- 
cipal surface of the semiconductor substrate. 

35 4. A method for manufacturing a semiconductor 
device according to any of Claims 1 to 3, wherein 
the formation of the copper-based metal film is con- 
ducted by forming a copper-based metal film and 
then removing the unnecessary portion of the cop- 

40 per-based metal film. 

5. A method for manufacturing a semiconductor 
device according to Claim 4, wherein the removal of 
the unnecessary portion of the copper-based metal 

45 film is conducted by chemical mechanical polishing. 

6. A method for manufacturing a semiconductor 
device according to Claim 4 or 5, wherein the for- 
mation of the copper-based metal film is conducted 

so by applying a plating treatment with a copper-based 
metal material and then applying an annealing 
treatment with the substrate temperature kept at 
300°C or higher. 

55 7. A method for manufacturing a semiconductor 
device according to any of Claims 1 to 6, wherein 
the barrier film is a silicon oxide film. 
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8. A method for manufacturing a semiconductor 
d vice according to any of Claims 1 to 6 t wherein 
the barrier film is a composite film consisting of a 
first film made of Ta, TaN, TiN, SiN or SiON and a 

s cond film which is a silicon oxide film, with th 5 
second film provided at the outer side of the com- 
posite film. 

9. A method for manufacturing a semiconductor 
device according to Claim 7 or 8, wherein the sili- 10 
con oxide film is formed by CVD. 

10. A method for manufacturing a semiconductor 
device according to any of Claims 1 to 9 t wherein, 
after the copper-based metal film has been formed, 15 
the surface of the barrier film is cleaned with a 
cleaning solution. 

11. A method for manufacturing a semiconductor 
device according to Claim 10, wherein the cleaning 20 
solution contains a complexing agent capable of 
forming a complex with copper-based contami- 
nants. 

12. A method for manufacturing a semiconductor 25 
device according to Claim 1 1 , wherein the complex- 
ing agent contains at least one kind of compound 
selected from the group of three kinds of com- 
pounds consisting of (a) a polyaminocarboxylic 
acid, (b) a carboxylic acid excluding polyaminocar- 30 
boxylic acids and (c) ammonium fluoride. 
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